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Multiple effects of extended daylength on growth and yield of beans 
Introduction 
CENTRO DE DOCUM~NTACION 
Since the first report on the effects of photoperiod on tobacco mamuth 
plants by Garuer and Allard in 1920 it was noticed that late maturing 
plants had more vigor and grew bigger (1). 
Since then many reports have shown that long days in short day plants make 
plants grow taller and with more vigorous stema and branches (8, S, 6). 
The reverse 19 true in long day species growing under short days (S, 6). 
In beans it is known that long days promote late flowering accompanied by 
late maturity, and higher total weight (S, 6). 
lt has been shown that Porrillo Sintetico yielded 49% more saed weight when 
grown under 16.5 hours-daylength as compared to 12.5 hour-daylength (5). 
In the tropical balt of the world beans are grown mostly under climates 
with mean temperature around or below 23 e (5). Daylengths occurring 
in bean growing are as in the tropics range from 11 to 15 hours. There are 
several alle1es conferring sensitivity to long days in !. vulgaris, L. 
although two or maybe three loe! have been documented for this reeponse. 
~e expression of these genes i5 quantitatively modulated by both daylength 
and temperature. There are also epi5tatic interactions between the genes 
for daylength response. Because of such interactions and modulations, 
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there are the different degrees bf response to daylength. This facts are 
transIated in the variability for response to daylength, that has been 
observed at CIAT (2,7). from insensitivity to extreme qualitative 
sensitivity. 
Given that diversity of response, one.practical question is: how can we in 
tropical cIimates exploit these responses for high yield? To explore this 
tapie we designed this research. 
MateriaIs and Methods 
This study included two phases. In phase 1 a set of 80 cultivars of 
varying maturity time, growth habit and seed size and color were observed 
under two daylength treatments, 12,5 hours natural 'light and an daylength 
treatment of 12.5 hours of natural daylength. extended to 18 by artificial 
lighting. Tbe artificial light system has been described elsewhere (2, 7). 
In this report the natural daylength will be referred to as 12.5 hour 
daylength and the extended daylength will be referred to as 18-hour 
daylength. Tbe extended daylength was discontinued on day 48tb after 
planting. 
Each cultivar was planted in a single row 3 m long replicated three times 
for each of the two daylengths. Rows were 60 cm aPfart and plants within 
" rows 10 cm appart. 
, 
The 80 cultivars in this study are described in Table 1. A set of 18 
parameters of growth and maturity were recorded for each of che cultivars; 
the original data is presented in Table 1 in the Appendix. 
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!he difference (positive or negative) for each measured parameter in 12 
hours and the measurement under la hours was calculated as an estimator oE 
the change that each cultivar had as daylength was extended. 
This measurements of change in the 18 parameters was used for a cluster 
analysis in order to identify the types of response to daylength. The 
cluster analysis produced three groups and several other suh-groups. In a 
secc;md phase eight cultivars, each one representing groups or subgroups 
from the prev10us analysis were studied in the same field with 12.5 hour 
natural daylength and two extended daylengths of 13.5 and 14.5 hours 
combined with two support treatments, no trellises and with trellises. 
Again. the ·extended daylength treatments were discontinued after 45 days 
(from planting). Figure 1 and Tables 2 and 3 includes the results of the 
cluster analysis and Tables 4 to 24 to present the results from the second 
phase atudy. 
Results and Discussion 
Table 2 is s summary of the 80 cultivars ordered by groups from the cluster 
analysis. Table 3 presents the means for several growth parameters froID 
the groups and sub-groups. Figure 1 includes 62 cultivars for which it was 
possible to genera te data of normal growth. Group IV is composed by 18 
cultivars not shown in Figure 1 which vere the most long day sensitive. 
The growth patterns of the cultivara in this group was so altered that any 
data would be of doubious value. Some of the cultivara in this group are 
known to be adapted to tropical highlands or temperate zones of the world. 
Cargabello, Redkote, G 17650. G 17651. snd G 17652 fall into this category. 
!he cluster analysis produced sub-groups within the sub-groups presented in 
Table 3 (see Figure 1). The examinatíon of these subdivisions becomes 
increasingly complexo For the sake of simplicity we will díscuss only the 
major groups and sub-groups. 
In general there ie a tendency toward.increasing1y sensitivity to long days 
across cultivara from left to right in Figure 1, group 1 the most 
ineensitive and group 111 the most responsive to long days. Group IV which 
does not appear in Figure 1 includes th most responsive cultivars. 
Groups 1 (3 sub-groups) through III had in c01ll!llon changes in days to 
flowering, harvest index and position of tne first raceme on the main stam. 
!he number of dsys to flowering increased, from 1.7 to 27 snd 18.6 dsys in 
sub-group 1-1 group 11 snd group 111, respectively. 
Concurrent1y, the hsrvest index decreased in a1l groups and sub-groups from 
3.3% in SUb-&TOUP 1-1 to 19% in" group 1-3. The position of the tirst 
raceme (on the main stem) a1so increased in sIl groups, such an increase 
being minimum in sub-group 1-1 (1. 1 nodes) snd maximum in group 1I (8.1 
nodes). These changes (increased days to f10wering and position of first 
rsceme snd decrease in harvest index) reflect the enhancement of total 
vegetative growth. Even when the total reproductive growth i8 higher. the 
incresse in totsl vegetative growth 1a even higher in sorne cultivara. This 
fact mskes the harvest index to drop. The increased total vegetative 
growth 1s also measurable in a h1gher number of nodes in branches. Another 
measure of the same process 1s the development of the fiTst raceme on s 
upper node on the stems, because of more numerous branches developed in 
lower nodes. 
A11 groups and sub-groups except sub-group 1-3 1ncreased the stem height 
although su eh inereases sre amal1. S1m11arly a11 groups and sub-groups 
except sub-group 1-1 1ncreased the number of nodes on branches. 
The number of days to matur1ty increased in sub-group 1-1 snd in groups 11 
and 111. The number of days of pod iil1ing increased only in subgroup 1-2 
and group II! with 1.:3 and 3.6 days respectively, In this two sets oi 
cultivars the number of pods/plsnt al so increased. Group 111 produced the 
largest lncrease in pod fl111ng per10d snd aleo the largest fncrease in 
pods/plan't, snd in position of the first raceme on the main stem. These 
results suggest then thst the length of the pod fl111ng period ss changed 
by long days ls a useful trait to look foro lt ls obvious that insensitive 
cultivars do not benefit in this wsy from growing under long dsys. On the 
contrary, there ls a tendency to a decrease in harvest indexo Probably 
tbi.s sn effect of a longer day on photosynthesis and crop growth rate in a 
process, 1ndependent from'photomorphogenesis. 
Tbe second phase of the study included eight cultivars, chosen from the 
three groups in Figure 1 (1, 11, and 111). The cultivars wer~ BAT 450 and 
JU 80-13 with bush growth snd JU 78-12 with viny growth from Group llG 
17648 with viny growth habit and G 2959 push habit from subgroup 1-2; G 
3807, DOR 49 and XAN 112 bush habits from Group 111. 
The results from the second phsse indicate that the number of days to first 
flower 'was slightly increased by daylength across cultivars and support 
treatments though sueh increase was statistically significant, meaning a 
consistent small delay in flowering under both support treatments (without 
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and with trellises}. The extent of delay in flowering was not the same for 
a1l cultivars as there was a significant daylength x cultivar interacrion 
under both support treatments. 
Total pIant weight was 1ncreased by daylength only when the .plants were 
growing erect because of the trel11s. as ind1cated by the lack of 
s1gnif1cant differences 1n the set of experiments .without trellises. The 
use of trellises itself seems to increase the total weight across 
gimotypes. In some genotypes the change in total weight is rather 
dramatic.' For JU 78-12. total weight increased from 110 grama to 170 
grams/5 plants in the sample without and <1ith trellises respectively, under 
J 
12.5 hours-daylength. Under 14.5 hour-daylength the difference between the 
two support treatments (w1thout snd with trellises) 1s even wider (101 and 
180 grams/5 plants) for the same cultivar. The incraase in total plant 
weight was simultaneous with a decline in harvest 1ndex (see Tables 4, 5, 
snd 8) across cultivars.· With no trellises the effect of increasing the 
d~ylength was to reduce the harvest index but there was also a significant 
dsylength x cultivar intersction. BAT 450 and JU 80-13 had a higher 
harvest index under 14.5 hour in comparison with the values under 13.5 
hour-daylength. Across all genotypes when the plants grew with trellises, 
that is. with erect stems, there were sign~ficant effects due to cultivars 
snd to daylength. 
The decline in harvest index 18 probably due to an increase in the numher 
of node's. Most of this effect occurs in the number of nodes on branches. 
Daylength inereased the number of nodes on branehes. when the cultivars 
grew without trellises (see Tables 4 and 9). On the contrary, when the 
• 
plants were g1ven trel11ses. that 1s. erect steros, the effect of daylength 
decreased as indicatéd by F values with probab1lity between 5 and 10%. 
Erect atems would then depress the growth ol branehes. The number of nodes 
on the main stem was lndeed higher with treIliaea aerosa cultivars (see 
Table 20). The differences in number of nades on the stem were more clear 
with trellíses (erect stems) thsn withaut them (prostrate or bent stems). 
The main effects ol daylength and cultivars were highly significant. There 
"aa al so a highly significant interaction. Most of this daylength x 
cultivar interaction is due to the stable number of nodes on the stem in JU 
80-13 and BAT 450 in contrast with the rest of cultivars that had an 
increase in nodes by effect ol daylength. This differences in the growth of 
nodes on the stem versus nodes on branches produce different shapes of 
planto This trait ia estimated by the stem/branch node ratio (Table 17). 
The use of trellises' (erect stems) favora the growth of the main stem 
reducing the growth of nodes on branches. The reason for this predominance 
of stem grawth can not be ascertained in this study. Another characteris-
tic associated to the growth of nodes on branches is the appearance of 
first raceme on the stem at a higher positioned node (Table 10). Long day's 
increased the height of the first raceme on the stem when trellises were 
used. BAT 450 and JU 80-13 did not show the same degree of change, having 
the first raceme at essentially the same node. On the contrary G 17648 had 
an increase fram an average 6.7 nodes up to node 11. O, when trellises 
(erect stem) where supplied. The number of pods/plant "as marginal1y 
ineressed by daylength only when there were ereet stems (Tables 4, S, and 
13). BAT 450 and JU 80-13 had atable number of pods without or w!th 
trellises eonfirming their classification in the previoua trial in group l. 
JU 78-12 the other cultivar in the same group showed a consistent higher 
I number of pods/plant when grown with trel1ises (erect stem). G 17648, had 
I increasingly numbers of pods/plant when provided witb trellises (erect 
stem). DOR 49. was the on1y cultivar tbat had consistent increase in 
pOds/plant with or wlthout tre11ises. It al SO had a consistent good rating 
for lodging (around 2 in a 1 = erect 100% to 5 = prostrate 10% scale). 
Tbe podfil1ing period (used here as the time lapse between first flower and 
physio10gical maturity) seems to be increased by both daylength and tbe use 
of trellises; its relationsbip to seed yie1d is sbown in Figures 2 and 3. 
The correlation coefficients were -0.092 and 0.76 for the no trellises snd 
witb trellises conditions under a 13.5 hour-daylength. 
Seed yield was increased by daylength in sensitlve cultivars on1y when 
erect stems were possible by the use of trellises. Tbe exceptions were DOR 
49 and G 3807 that produced bigher yields without trellises. Both results 
indicate that if daylength ls going to be used for increasing the yielding 
ability, the sensitivity to long days has to be combined with erect stems, 
either by an architecturally erect plant or by the use of some sort of 
trellises. The degree of sensitivity has to be matched to the daylength in 
the region where the variety is going to be used. 
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I Table 1. Cultivars grown under two daylength treatments. i¡ 
I 
I Photoperiod 
" Identification / Name No. Reaction Seed Type 
1 BAT 1514 1 Small red 
2 BAT 1526 1 Small red 
3 BAT 1550 • 3 Small cream 
4 BAT 1554 1 Small black 
5 BAT 1558 4 Medium cream 
6 BAT 1563 1 Black 
7 BAT 1733 1 Canario 
8 G 4525 lCA Pijao 1 Small black 
9 A 498 1 Large white 
10 A 501 3 Large white 
11 G 3807 3 Canario 
12 JU 30-1 n.a. Small black 
13 JU 30-2 D.8. Small black 
14 JU 36-1 n.s. Small black 
15 BAT 93 8 Small cream 
16 BAT 104 1 Brown 
17 BAT 1375 1 Small red 
18 BAT 1376 1 Small red 
19 BAT 1385 8 Large purple 
20 BAT· 1386 5 Large purple 
21 BAT 1387 4 Medium red 
22' BAT 1388 1 Large cream 
23 BAT 1392 3 Large pink 
24 BAT 1393 4 Canario 
25 RIZ 10 1 Small white 
26 RIZ 11 1 Small black 
27 XAN 112 2 Small black 
28 G 2959 . Pecho Amarillo 1 Small black 
29 G 3184 Rabia de Gato MG 1 Small black 
30 G 3834 51051 3 Small black 
31 G 4024 Bico de Ouro 1 Canario 
32 G 4524 Linea 29 1 Small black 
33 Cargabello 8 Medium red 
34 JU 78-12 1 Small black 
35 JU 80-11 1 Small black 
36 JU 80-13 1 Srnall black 
37 G 37 Pata de Zope n.a. Small black 
38 Redkote-3 4 Large red 
39 BAT 450 1 Small black 
40 BAT 1716 D.8. D.8. 
41 DOR 41 ICTA Quetzal 4 Small black 
42 DOR 42 ICTA Jutiapan 1 Small black 
43 DOR 43 D.8. n.a. 
Cont. 
'1 
I 
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Table l. Cont. 
Photoperiod 
No. Identification / Name Reaction Seed Type 
44 DOR 44 tCTA Tamazulapa 1 S11Ia11 black 
45 DOR 45 o.a. Sma11 black 
46 DOR 46 ~ Sma11 black 'n.a. 
47 DOR 47 n.a. Sma11 black 
48 DOR 48 n.a. Sma11 black 
49 DOR 49 n.a. Sma11 black 
50 DOR 281 n.s. Sma11 red 
51 DOR 282 n.a. Sma11 red 
52 DOR 283 n.a. Sma11 black 
53 DOR 284 n.a. Small red 
54 DOR 285 n.s. Sma11 red 
55 APN 18 n.s .. Brown 
56 APN 32 n.A. Cream 
57 APN 31 n.a. Cream 
58 APN 33 n.a. White 
59 XAN 144 n.a. Sma11 black 
60 XAN 145 3 Sma11 black 
61 XAN 147 n.8. Small red 
62 ~ 156 n.a. Mottled 
63 XAN 131 n.a. Sma11 black 
'64- XAN 199 n.a. 
65 RAO 3 Corobici 1 Sma11 red 
66 G 76 Redkloud 1 Large red 
67 G 2997 Rabia de Gato 1 Sma11 black 
68 G 17648 Pata de Zope n.8. Sma11 black 
69 G 17649 Chichicaste n.s. Sma11 black 
70 G 17650. San Martin n.a. Sma11 black 
71 G 17651 N. Pacoc ~.a .. Small black 
72 G 17652 N. Patzicia n.a. Small black 
73 G 17653 JU 81-27 n.a. Sma11 black 
74 G 17654 JU 81-31 D.a. Small black 
75 G 17655 JU 81-47 n.a. SmaU black 
16 G 4495 Porrillo Sintetio 3 Sma11 black 
77 G 11657 JU 81-52 n.a. SmaU black 
78 G 17658 JU 81-63 u.a. Sma11 black 
79 G 17659 JU 82-12 n.a. Small black 
80 G 17660 JO 82-13 n.a. Sma11 black 
1 
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Table 2. Cultivars grouped by their type of response to daylength. 
GROUP l 
Sub-group 1-1 
BA! 1514 
:leAN 131 
ICA P1jao 
BA! 450 
DOR 47 
APN 32 
JU 80-11 
JU 82-12 
DOR 281 
JU 81-52 
• RAO 3 
RIZ 11 
BA! 1716 
BAT 1554 
BAT 1375 
ICA Linea 29 
BA! 1563 
BA! 104 
BA! 1733 
DOR 42 
Redkloud 
JU 81-63 
BA! 1388 
DOR 41 
DOR 282 
DOR 283 
DOR 284 
HA! 1526 
RIZ 10 
DOR 45 
DOR 44 
G 4024 
JU 80';'13 
DOR 43 
51051 
JU 78-12 
APN 18 
DOR 48 
DOR 285 
G 17649 (Ch1ch1caste) 
G 2997 (Rabia de Gato) 
JU 81-47 
e 30-2 
I 
I 
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. Ta.ble 2. Cont. 
Sub-group 1-2 
BAT 1376 
APN 31 
G 17648 (Pata de Zope) 
G 3184 
G 2959 (Pecho Amarillo) 
DOR 46 
XAN 145 
Sub-group 1-3 
C 30-1 
GROUP 1I 
BAT 1550 
JU 82-13 
KAN 147 
G 37 (Pata. de Zape) 
APN 33 
G 4595 (Porrillo Sintetico) 
GROUP III 
A 498 
G 3807 
DOR 49 
XAN 112 
A 501 
GROUP IV 
BAr 1558 
e 36-1 
BAT 93 
BAT 1385 
BAT 1386 
BAr 1387 
BAT 1392 
BAT 1393 
Cargabell0 
Redkote 3 
KAN 144 
I 
i 
; 
TabIe 2. Cont. 
XAN 156 
XAN 199 G 17650 (San Y~rtin) G 17651 (Negro Pacoc) 
G 17652 (Negro Patzicia) 
G 17653 (JU 81-27) 
G 17654 (JU 81-31) 
".1. 3. QM\Ift ..... iN CM .'fe.'I'_a •• oi =:118 v_J.o ... f •• leCl5 •• pa .. v te ... o, 9= ta at 
12 hour-daylength and the correspond~ng values at 18 hour-daylength. 
GROUP 1 
Sub-group 1-1 
Sub-group 1-2 
Sub-group 1-3 (*) 
GROUP II 
GROUP III 
GROUP IV 
Days to 
Flow 
1.7 
7.4 
3.0 
27.0 
18.6 
Days to 
Mat. 
-0.2 
8.7 
-1.0 
16.8 
22.2 
, 
Pod Stem 
Fill Height 
Days cm 
-1.9 2.3 
1.3 5.7 
-4.0 -5.9 
-10.2 3.8 
3.6 1.2 
.,. 
Nodes 
Branchea 
-1.8 
16.1 
8.5 
12.9 
17 .6 
H. l. 
% 
-3.3 
-6.5 
-19.0 
-18.2 
-9.0 
• 
Podal 
Plants 
-3.9 
3.2 
1.0 
-4.9 
6.3 
First 
Raceme 
1.1 
3.7 
2.3 
8. !' 
7.9 
"-"----~---
, 
:¡ 
i 
1 
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Table 4. 
ANALYSIS OF VARIANCE IN SELECTED GROWTH PARAMETERS 
PALMIRA 1985 No trellises 
SOURCE 
Days to flower 
Lodging rating 
Days to maturity 
Height of 1st raceme 
Stem length (12) 
Nodes on branches 
Nodes on stem 
Number of branches 
Racemes/plant 
pods/plant 
CULTIVARS 
** 
** 
? 
? 
* 
** 
* 
** 
* 
* 
Total plant weight ** 
Harvest index 
Harvested plants 
Seed yield 
Seed size 
Seeds/pod 
* 
* 
** 
* 
? = Between 5 and 10% probability 
DAYLENGTH 
* 
** 
* 
* 
* 
** 
** 
* 
INTERACTION 
* 
** 
* 
• 
1 
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Table 5. 
ANALYSIS OF VARIANCE IN SELECTED GROWTH PARAMETERS 
PALMIRA 1985 With trellises 
SOURCE CULTIVARS 
Days to flower ** 
Lodging rating 
Days to maturity ** 
Height of 1st raceme 
Stem length (12) ** 
Nodes on branches * 
Nodes on stem ** 
Number of branches ? 
Racemes/plant * 
POds/plant * 
Total plant weight 
Harvest index 
Harvested plants 
Seed yield 
Seed size 
Seeds/pod 
* 
* 
** 
** 
? = Between 5 and 10% probabilitly 
DAYLENGTH 
** 
** 
** 
? 
** 
? 
? 
* 
** 
* 
* 
INTERACTION 
** 
** 
* 
? 
** 
* 
? 
** 
** 
Table 6. DAYS TO FLOWERING 
D A Y L E N G T H 
CULTIVAR 12.5· 13.5 14.5 
NO TRELLISES 
JU 78-12 42.3 42.7 43.0 
G 17648 38.0 40.7 42.0 
BAT 450 42.0 42.0 41.3 
JU 80-13 42.0 42.7 42.3 
DOR 49 41.7 44.0 46.0 
XAN 112 38.7 41.0 41 .3 
G 2959 40.3 41. 3 39.7 
G 38P7 42.0 43. O 45.0 
X 40.9 42.2 42.6 
WITH TRELLISES 
JU-78-12 42.0 42.7 43.0 
G 17648 38.3 41.0 42.0 
BAT 450 . 42.7 43.0 42.7 
JU 80-13 42.0. 41.3 41.7 
DOR 49 42.3 42.7 46.0 
XAN 112 39.0 40.7 42.0 
G 2059 40.7 41. 7 40.7 
G 3807 42.0 43.0 45.0 
X 41 .1 42.0 42.9 
Tabla 7. TOTAL PLANT WEIGHT 
D A Y L E N G T H 
CULTIVAR 12.5' 13.5 14.5 
NO TRELLISES 
JU 78-12 110 134 101 
G 17646 92 76 87 
BAT '450 127 124 128 
JU 80-13 97 94 119 
DOR 49 107 126 147 
XAN 112 107 95 106 
G 2959 124 114 1 31 
G 3807 69 90 104 
X 104 107 11 5 
• 
WITH TRELLISES 
JU,78-12 17Ó 1 51 180 
G 17648 77 162 1 51 
BAT 450 120 122 111 
JU 80-13 1 01 122 108 
DOR 49 117 150 148 
XAN 112 100 98 174 
G 2059 118 161 152 
G 3807 91 86 1 51 
X 112 131 147 
" 
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Table 8. HARVEST INDEX 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
• 
NO TRELLISES 
JU 78-12 67.0 63.0 58.0 
G 17648 66.7 56.7 48.0 
BAT .450 62.3 59.0 61 .3 
JU 80-13 63.0 57.7 59.7 
DOR 49 61 .3 59.7 60.3 
XAN 112 64.7 60.0 57.0 
G 2959 63.0 61.0 59.0 
G 3807 61.3 62.0 59.0 
X 63.7 59.9 57.8 
WITH TRELLISES 
JU 78-12 68.0 64.3 65.0 
G 17648 63.0 62.7 54.3 
BAT 450 61 .7 61 .3 58.7 
JU 80-13 61 .7 61 .3 59.3 
DOR 49 63.0 60.7 58.3 
XAN 112 62.7 62.3 60.3 
G 2059 62.7 62.3 60.3 
G 3807 65.0 61 . O 61 .3 
X 63.5 62.0 59.7 
• 
Table 9. NODES ON BRANCHES 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 14.3 19.3 16.3 
G 17648 22.0 25.0 27.7 
BAT .450 9.7 16.0 11 • O 
JU 80-13 8.0 8.0 9.7 
DOR 49 6.7 9.0 10.0 
XAN 112 13.7 14.0 18.3 
G 2959 13.7 13.0 13.7 
G 3807 9.3 13.3 13.3 
X 12.2 14.7 15. O 
WITH TRELLISES 
JU 78-12 8.J 6.7 9.3 
G 17648 13 .0 27.7 37 .0 
BAT 450 10.3 9.7 9.7 
JU 80-13 8.3 6.7 8.3 
DOR 49 5.7 8.0 9.7 
XAN 112 14. O 11 .7 17.3 
G 2059 10.3 12.3 15.7 
G 3807 10.3 10.0 15.0 
X 10.0 11 .6 15.2 
Table 10. HEIGHT OF FIRST RACEME 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
, JU 78-12 7.7 9.0 8.7 
G 17648 6.3 7.0 9.3 
BAT .450 7.7 7.7 7.0 
JU 80-13 7.0 7.7 7.3 
POR 49 7.0 7.3 8.3 
XAN 112 6.7 7.3 8.0 
G 2959 7.3 7.7 8.0 
G 3807 8.3 8.3 9.0 
X 7.2 7.7 8.2 
WITH TRELLISES 
JU 78-12 7.7- 8.3 8.7 
G 17648 6.7 9.0 11 • O 
BAT 450 7.3 7.7 8.0 
JU 80-13 7.7 7.3 7.7 
DOR 49 7.0 7.0 9.0 
XAN 112 6.3 6.7 8.7 
G 2059 7.0 12.7 8.3 
G 3807 8.0 7.3 8.7 
X 7.2 8.2 8.8 
• 
Table 11. RACEMES/PLANT 
D A Y L E N G T H 
CULTIVAR 12.5. 13.5 14.5 
NO TRELLISES 
JU 78-12 9.7 10.0 8.7 
G 17648 9.7 9.0 9.7 
BAT·450 8.0 9.3 8.3 
JU 80-13 6.7 5.7 7.3 
DOR 49 6.7 7.0 8.7 
XAN 112 7.3 9.0 8.3 
G 2959 7.7 7.0 7.0 
G 3807 6.7 9.3 8.7 
X 7.8 8.3 8.3 
WITH TRELLISES 
JU 78-12 12.'1 9.3 10.7 
G 17648 10.0 12.3 13.3 
BAT 450 7.7 7.7 7.7 
JU 80-13 7.3 6.7 6.3 
DOR 49 6.7 8.3 7.7 
XAN 112 9.0 9.0 10.0 
G 2059 6.7 11.0 10.7 
G 3807 9.0 7.3 11 • O 
X 8.6 8.9 9.7 
• 
Tabla 12. RACEME/NODE 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 0.32 0.29 0.25 
G 17648 0.26 0.21 0.22 
BAT 450 0.33 0.37 0.27 
JU 80-13 0.29 0.24 0.33 
DOR 49 0.31 0.27 0.34 
XAN 112 0.27 0.28 0.28 
G 2959 0.26 0.24 0.24 
G 3807 0.30 0.36 0.32 
X 0.29 0.28 0.28 
\'11TH TRELLISES 
JU 78-12 0.41 0.27 0.34 
G 17648 0.33 0.21 0.24 
BAT 450 0.31 0.32 0.32 
JU 80-13 0.32 0.28 0.28 
DOR 49 0.33 0.31 0.30 
XAN 112 0.33 0.29 0.33 
G 2059 0.25 ·0.31 0.31 
G 3807 0.40 0.26 0.47 
X 0.34 0.28 0.32 
Table 13. PODS/PLANT 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 14.7 17.6 13.7 
G 17648 14.7 13.0 15.0 
BAT 450 15.0 15.7 15.3 
JU 80-13 11. O 10.3 11.7 
DOR 49 11. O 13.0 14.3 
XAN 112 10.3 12.0 13.0 
G 2959 12.3 11 • O 12. O 
G 3807 1 O • 7 13.7 13.7 
X 12.5 13.3 13.6 
WITH TRELLISES 
JU 78-12 20.0 15.7 19. O 
G 17648 14.3 22.0 22.7 
BAT 450 14. O 14.3 13.7 
JU 80-13 11 .3 12.0 11 .3 . 
DOR 49 12.0 15.7 14.7 
XAN ·112 13.7 12.7 16.3 
G 2059 11 .7 14.7 16.3 
G 3807 14.3 12.7 18.7 
X 13.9 15. O 16.6 
r 
Table 14. DAYS TO MATURITY 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 79.0 80.3 79.0 
G 17648 75.0 83.0 84.7 
BAT 450 78.0 81.7 81.3 
JU 80-13 80.0 82.3 83.3 
DOR 49 78.3 80.0 85.3 
XAN 112 74.3 77.7 83.3 
G 2959 78.0 79.7 87.7 
G 3807 71.8 75.3 81.3 
X 76.8 80.0 83.2 
WITH TRELLISES 
JU 78-12 85.7 85.0 87.3 
G 17648 83.7 88.0 89.0 
BAT 450 82.0 83.3 81.7 
JU 80-13 81.7 82.7 83.3 
DOR 49 78.7 82.3 86.3 
XAN 112 77 .3 ·78. O 85.7 
G 2059 78.3 82.3 87.3 
G 3807 72.7 76.0 82.3 
X 80.0 82.2 85.4 
Table 15. POO FILtING PERIOD 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 36.7 37.6 36.0 
G 17648 37. O 42.3 42.7 
BAT 450 36.0 39.7 40.0 
JU 80-13 38.0 39.6 41.0 
DOR 49 36.6 36.0 39.3 
KAN 112 35.6 36.7 42.0 
G 2959 37.7 38.4 48.0 
G 3807 29.8 32.3 36.3 
K 35.9 37.8 40.7 
WITH TRELLISES 
JU 78-12 45.7 42.3 44.3 
G 17648 45.4 47 .0 47.0 
BAT 450 39.3 40.3 39. O . 
JU 80-13 39.7 41.4 41 .6 
DOR .49 36.4 39.6 40.3 
KAN 112 38.3 ·37.3 43.7 
G 2059 37.6 40.6 46.6 
G 3807 30.7 33.0 37.3 
X 39.1 40.2 42.5 
Tabla 16. SEED YIELD (KG/HA) 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 2185 1985 1692 
G 17648 1550 1236 873 
BAT .450 2338 2439 2413 
JU 80-13 2046 2225 2154 
DOR 49 2335 2398 2649 
XAN 112 2038 1686 2041 
G 2959 2333 2307 2178 
G 3807 1590 1785 1992 
X 2052 2008 1999 
WITH TRELLISES 
JU 78-12 2694 3200 3168 
G 17648 1882 2913 1556 
BAT 450 2324 2598 2190 
JU 80-13 2073 2121 2444 
DOR 49 2304 2381 2841 
XAN 112 2043 2106 2446 
G 2059 1912 2800 2538 
G 3807 1731 1562 2144 
X 2115 2460 2416 
l' 
I 
, 
Table 17. 
CULTIVAR 
JU 78-12 
G 17648 
BAT -450 
JU 80-13 
DOR 49 
XAN 112 
G 2959 
G 3807 
X 
JU 78-12 
G 17648 
BAT 450 
JU 80-13 
DOR 49 
XAN 112 
G 2059 
G 3807 
X 
STEM/BRANCH NODE RATIO 
D A Y L E N G T H 
12.5 13.5 14.5 
NO TRELLISES 
1 .11 1 .12 0.79 
0.62 6.54 0.75 
1. 47 1 .30 0.92 
1 .87 1 .44 1. 79 
2.24 1 .57 1 .81 
0.97 0.75 1 .09 
1 .17 1 .1 5 1 .21 
1 .36 0.92 1. 03 
1.35 1.10 1.17 
WITH TRELLISES 
2,73 2.65 3.63 
1.36 0.84 0.96 
1 .39 1 .51 1 .44 
1.77 1.89 2.34 
2.57 1. 72 2.25 
0.98 0.79 1 .60 
1 .55 1.25 1 .76 
1 .19 0.87 1 .33 
1. 69 1 .44 1 • 91 
:; . 
I 
Table 18. NUMBER OF BRANCHES 
o A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 5.0 5.7 5.7 
G 17.648 5.0 5.3 5.7 
BAT 450 4.3 4.7 4.0 
JU 80-13 3.3 4.0 3.3 
DOR 49 4.0 4.7 4.7 
XAN 112 3.7 4.3 5.0 
G 2959 4.3 4.7 4.7 
G 3807 4.3 6.3 7.3 
X 4.2 5.0 5.1 
WITH TRELLISES 
JU 78-12 4.0 4.0 6.3 
G 17648 4.3 7.3 10.0 
BAT 450 4.0 3.7 5.0 
JU 80-13 3.7 3.3 3.0 
DaR 49 3.7 :L7 4.3 
XAN 112 4.0 3.7 5.3 
G 2059 3.7 6.7 5.0 
G 3807 4.7 4.3 6.7 
X 4.0 4.6 5.7 
Table 19. LENGTH OF 12 NODES (CMS) 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 54.7 56.3 55.3 
G 17648 41.7 52.7 37.3 
BAT 450 41.3 50.7 47.3 
JU 80-13 43.3 53.0 50.3 
DOR 49 49.0 51. O 45.0 
XAN 112 56.3 57.0 54.7 
G 2959 51.3 52.7 52.7 
G 3807 47.3 50.7 54.3 
X 48.1 53.0 49.6 
• 
WITH TRELLISES 
JU 78-12 53.0 59.7 58.3 
G 17648 37.7 54.0 49.7 
BAT 450 44.3 47.3 46.7 
JU 80-13 46.0 56.0 50.3 
DOR 49 45.3 55.7 51 • O 
XAN 112 51.3 62.0 66.3 
G 2059 48.7 57.7 58.7 
G 3807 43.7 56.0 59.3 
X 46.2 53.0 55.0 
Table 20. NODES ON THE STEM 
D A Y L E N G T H 
CULTIVAR 12.5. 13.5 14.5 
Table 21. SEED SIZE (CGM) 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 20.3 19.7 19.0 
G 17648 18.3 18.3 16.3 
BAT 450 21.3 20.7 18.7 
JU 80-13 23.7 23.3 22.7 
DOR 49 21.7 21.3 21.3 
XAN 112 22.3 21.7 24.0 
G 2959 22.3 21.7 20.7 
G 3807 17.7 18.7 20.0 
X 20.9 20.7 20.3 
WITH TRELLISES 
JU 78-12 21.0 22.3 21 • O 
G 17648 19.6 17.3 13.0 
BAT 450 21.3 20.7 18.7 
JU 80-13 22.7 22.7 22.7 . 
DOR 49 23.3 23.0 21 .3 
XAN112 22.3 24.3 21.7 
G 2059 22.3 22.3 18.7 
G 3807 18.3 18.7 19. O 
X 21.3 21.4 19.5 
I ) 
Table 22. SEEDS/POD 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 6.7 6.3 6.3 
G 17648 5.4 5.7 5.3 
BAT 450 5.8 6.3 6.3 
JU 80-13 6.0 5.4 5.7 
DOR 49 6.2 5.9 6.2 
XAN 112 6.3 5.9 6.5 
G 2959 6.8 7.1 6.8 
G 3807 5.6 5.4 5.7 
X 6.1 6.0 6.1 
WITH TRELLISES 
JU 78-12 6.6 6.5 6.5 
G 17648 5.5 5.4 6.3 
BAT 450 6.0 5.7 6.3 
JU 80-13 5.8 6.3 5.7 
DOR 49 6.1 5.9 6.7 
XAN 112 5.6 6.1 6.9 
G 2059 6.7 6.7 6.9 
G 3807 5.1 5.1 5.4 
X 5.9 6.0 6.3 
Table 23. HARVESTED PLANTS 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TRELLISES 
JU 78-12 90.0 88.7 86.3 
G 17648 93.0 86.0 83.3 
BAT 450 87.3 82.0 83.3 
JU 80-13 89.7 97.0 91.3 
DOR 49 83.1. . 85.3 87.7 
XAN 112 87.0 82. O' 86.7 
G 2959 95.3 93.0 87.7 
G 3807 92.7 90.3 88.3 
X 89.8 86.8 86.8 
WITH TRELLISES 
JU 78-12 83.0 89.7 91.3 
G 17648 88.0 84.3 86.0 
BAT 450 87.7 91 .3 87.7 
JU 80-13 89.3 90.7 94.0 
DOR 49 84.7 85.0 88.0 
XAN 112 81.3 86.7 89.3 
G 2059 90.7 91 .3 88.7 
G 3807 92.7 87.7 87.3 
X 87.2 88.3 89.0 
I 
I 
~I 
Table 24. LODGING RATING 
D A Y L E N G T H 
CULTIVAR 12.5 13.5 14.5 
NO TR!,:LLISES 
JU 78-12 4.3 4.3 4.3 
G 17648 5.0 5.0 5.0 
BAT '450 2.3 2.7 2.7 
JU 80-13 4.0 3.0 3.0 
DOR 49 2.7 2.0 2.7 
XAN 112 4.0 3.3 4.0 
G 2959 3.3 3.0 3.0 
G 3807 5.0 3.7 3.7 
X 3.8 3.4 3.5 
WITH TRELLISES 
JU,78-12 1 • Ó 1 • O 1.0 
G 17648 1.0 1.0 1.0 
BAT 450 2.3 1.7 1 .7 
JU 80-13 3.3 1.7 1 • O 
DOR 49 2.0 2.0 1.7 
XAN 112 3.0 1.0 1 .7 
G 2059 2.7 1.0 1.0 
G 3807 2.3 1 .7 1 .7 
X 2.2 1.4 1.3 
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Figura 2. Relationship between duration of pod filling period and yield. 
13.5 hour day1ength ~ tre11ises. 
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